Background The reasons for higher gastric cancer incidence rates in indigenous populations are debated. Methods We quantify the role of Helicobacter pylori in excess gastric cancer incidence in Māori and Pacific men in New Zealand. Age-standardized gastric cancer rate ratios for 1981-2004 were calculated in Māori and Pacific men compared with European/other men born in 1926-1940 and in 1941-1955. Rate ratios were then compared with those restricted to H. pylori prevalent populations. Results H. pylori contributed substantially to excess gastric cancer incidence in Māori men (50%, 61%) and Pacific men (71%, 82%) in both cohorts. Conclusions Policy should focus on reducing the acquisition and prevalence of H. pylori infection in these populations.
Introduction
Indigenous inequalities in gastric cancer incidence affect almost every indigenous population, many of whom live in poor socioeconomic circumstances [1] . Disproportionately higher gastric cancer incidence and mortality rates are seen in indigenous populations from the circumpolar region, the USA, South America, Australia, and New Zealand [1] . A greater proportion of gastric cancers in indigenous and ethnic minority groups are in the distal part of the stomach [1] , the subsite strongly associated with Helicobacter pylori infection.
H. pylori is carcinogenic [2] and has been estimated to cause 89% of distal gastric cancers [3] . Prevalence differs considerably by ethnicity, and indigenous populations are disproportionately affected [4] [5] [6] . For example, in earlier work we found that Māori H. pylori prevalence was nearly double and Pacific people's H. pylori prevalence was nearly 2.5 times higher than that of European people in New Zealand [6] . It is not clear, however, how much of the excess gastric cancer in indigenous and marginalized ethnic groups is explained by H. pylori infection [1, 7] . For example, the contribution of genetic factors to the excess incidence of gastric cancer among Māori has received considerable attention [8, 9] . A clearer understanding of the drivers of gastric cancer inequalities is crucial for informing prevention measures. This study aims to estimate the extent to which H. pylori infection contributes to indigenous and ethnic inequalities in male gastric cancer incidence. Age-standardized incidence rates of distal gastric cancer were calculated for Māori (the indigenous population of New Zealand, composing 15% of the population), Pacific peoples (immigrants and their descendants from the Pacific Islands, composing 7% of the population), and European/ other peoples (i.e. non-Māori, non-Pacific, and non-Asian individuals, composing 76% of the population). The ethnic differences in distal gastric cancer attributable to H. pylori infection were estimated by comparison of the baseline age-standardized rate ratio (SRR; Māori men compared with European/other men) with an SRR calculated as though all distal gastric cancer cases occurred among the H. pylori positive population (SRR HP ) [6] (see the electronic supplementary material). The excess rate ratio proportion [(SRR -SRR HP )/(SRR -1)] was the primary result of this analysis, being the proportion of the excess risk of gastric cancer that is ''explained'' by H. pylori infection.
Methods

Gastric
A series of sensitivity analyses were performed to assess the impact of our assumptions about the proportion of cancers that are distal, the prevalence of H. pylori infection, and the population standard used for age standardization. Quantitative bias analysis methods to adjust the data for confounding by smoking were also undertaken. Details of these sensitivity analyses are provided in the electronic supplementary material, and the results were not substantially affected.
Results
The contribution of H. pylori to gastric cancer differences by ethnicity was substantial and consistent across both birth cohorts (Fig. 1, Table 1 ). In both cohorts, the contribution of H. pylori was greatest in the Pacific population at 71% and 82% of the relative difference in distal gastric cancer rates in the two cohorts born in 1924-1940 and in 1941-1955 respectively compared with the European/other population. For Māori the H. pylori contribution was estimated to be 50% and 61% of the relative differences.
Discussion
We estimate that more than half of the excess distal gastric cancer incidence in Māori men and more than two thirds of that in Pacific men in New Zealand can be explained by H. pylori infection. Several factors have been proposed as contributors to the excess burden of gastric cancer in indigenous populations [1, 11] , including poor nutrition and sanitation, excess salt, inadequate fruit and vegetable intake, and genetic predisposition. Our findings suggest that H. pylori infection explains most of the association, although the other factors mentioned may interact with or share a common causal pathway with H. pylori. It is likely that these findings can be generalized to Māori and Pacific women and to other indigenous and ethnic groups with high H. pylori prevalence and high gastric cancer incidence rates.
This report is one of the first to quantify the contribution of H. pylori to ethnic inequalities in gastric cancer incidence. Our results, however, may have been underestimated because of nondifferential measurement bias relating to H. pylori infection. The serology test does not distinguish the length of exposure to chronic infection, the intensity of infection, or the malignant potential of the subtype of H. pylori acquired. H. pylori seronegativity The contribution of Helicobacter pylori to excess gastric cancer in Indigenous and Pacific men… 753 may be associated with severe atrophic gastritis or intestinal metaplasia caused by H. pylori infection; and thus the high risk of gastric cancer with these mucosal changes may also result in a slight underestimation of the impact of H. pylori on gastric cancer [12] . It is possible too that H. pylori infection is correlated with confounders such as smoking. However, we think this alternative hypothesis is unlikely. For example, our sensitivity analysis for ''residual mediation'' by smoking explained little more of the ethnic difference. We assumed that all distal cancers occur in people who have H. pylori infection. This assumption may have inflated our results slightly; however, it is the best estimate of H. pylori contribution we could calculate given the evidence available, and in our view is likely to be more than offset by possible nondifferential misclassification of H. pylori status. Our findings were robust in relation to the sensitivity analyses we performed (see the electronic supplementary material). H. pylori is likely to be the major contributor to excess Māori and Pacific gastric cancer incidence. Pro-equity interventions should be developed to reduce the prevalence of H. pylori infection, particularly in high-risk groups. This includes measures that address overcrowding and acquisition of infection [13, 14] , and H. pylori eradication strategies, particularly if stronger evidence is produced that shows the benefits from screening outweigh any harms [15, 16] . a Using the proportion of gastric cancer that was distal, from Biggar et al. [8] b The 95% confidence interval is given in parentheses.
c Assuming H. pylori is a necessary factor for distal gastric cancer cases in all ethnic groups, the rates among H. pylori positive men are just the distal gastric cancer incidence in the total ethnic group divided by the H. pylori seroprevalence. d The rate ratios calculated with the estimated rate of distal cancer among H. pylori positive men
